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(57) A recording sheet which comprises a substrate 
and a porous layer containing alumina or an alumina 
hydrate formed on the substrate, wherein the substrate 
is made of fibers for paper and a filler, and the content 
of the filler in the substrate is from 1 0 to 60 wt% to the 
total weight of the substrate. 
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[001 2] The content of the filler in the substrate of the present invention is preferably from 10 to 60 wt% to the total 
weight of the substrate. If the content of the filler is less than 10 wt%, the ink absorptivity tends to be poor, whereby 
cocklings will form. If the content of the filler exceeds 60 wt%, the paper strength tends to be low. As the filler to be used 
in the present invention, at least one ol a metal oxide, a metal phosphate, a metal carbonate and a metal silicate may 
5 be optionally used. 

[0013] The above-mentioned metal oxides include hydrated oxides. Particularly preferred is silica or alumina. As 
the alumina, an alumina hydrate is preferred, and aluminum oxide as anhydride may be used. As the silica, hydrate sil- 
icic acid which is so called white carbon, silica gel, silica-alumina composite gel or diatomaceous earth may, for exam- 
ple, be mentioned. As the aluminum oxide, specifically activated alumina, alumina gel or activated bauxite may, for 
io example, be mentioned. As another metal oxide, titanium oxide, zirconium oxide or magnesium oxide may for example, 
be mentioned. 

[0014] The metal phosphate may, for example, be calcium phosphate (e.g. apatite such as apatite fluoride or 
hydroxyapatite, or calcium primary phosphate). The metal carbonate may, for example, be heavy calcium carbonate, 
light precipitated calcium carbonate or magnesium carbonate. The metal silicate may, for example, be magnesium sili- 
75 cate such as talc, sepiolite or Florisil, calcium silicate, aluminum silicate such as Kaolin, activated clay or acid clay 
[0015] Among the above-mentioned fillers, silica is preferably used as it is excellent in ink absorptivity. A substrate 
having a filler content of from 10 to 60 wt% to the total weight of the substrate, can be obtained by sheeting an aqueous 
slurry containing a filler and fibers for paper. 

[0016] The substrate to be used in the present invention is preferably made by a conventional method in such a 
20 manner that fibers for paper are adjusted to have a freeness of from 250 to 700 vn£ C.S.R (Canadian Standard Free- 
ness), a filler is added thereto, followed by sheeting by a known paper machine such as cylinder paper machine or 
Fourdrinier paper machine. Further, the orientation ratio of the fibers of the substrate is preferably from 1 .0 to 2.0, and 
the coating amount of the porous material on the substrate is preferably at least the MIN coating amount as obtained 
from the above-mentioned formula (1), since cocklings are less likely to be formed. A substrate having an orientation 
25 ratio of the fibers of from 1 .0 to 2.0, can be obtained by sheeting an aqueous slurry containing fibers for paper, as men- 
tioned above. Further, within a range of not impairing the objects, at least one type of inorganic fibers such as glass 
fiber, rock wool, silica/alumina silicate fiber, alumina fiber, zirconia fiber or calcium titanate fiber, may optionally be used 
together. 

[001 7] The fibers for paper to be used in the present invention may, for example, be a wood pulp such as softwood 
30 unbleached kraft pulp (NUKP), softwood bleached kraft pulp (NBKP), hardwood unbleached kraft pulp (LUKP), hard- 
wood bleached kraft pulp (LBKP), softwood sulfite pulp (NBSP) or thermomechanical pulp (TMP), a non-wooden pulp 
such as hemp, bamboo, straw, kenaf, paper mulberry, mitsumata (Edgeworthia papyrifera), unsized silk paper or cotton, 
a synthetic pulp such as polyolefin, or a synthetic fiber such as rayon, vinylon, nylon or polyester. They may be used 
alone or as a mixture. 

35 [0018] In the present invention, in addition to the fibers for paper, a micro fibrillated cellulose may be used. The 
micro fibrillated cellulose is a cellulose having its fibers branched by physicochemical beating effect. By using this, the 
paper strength will be further strengthened, a higher color density and freshness can be obtained, and it is also effective 
to prevent cocklings. In such a case, the content of the micro fibrillated cellulose is preferably from 1 to 50 wt% to the 
total weight of the fibers for paper and the micro fibrillated cellulose. If the content of the micro fibrillated cellulose is less 

40 than 1 wt%, the effects are less likely to be obtained. On the other hand, if the content exceeds 50 wt%, water filtration 
property will deteriorate, whereby sheeting property will be poor. 

[0019] The micro fibrillated cellulose to be used in the recent invention may be one having an arithmetic average 
fiber length of from 0.1 to 0.5 mm, a fiber width of at most about 1 pm, a water retention value of from 250 to 500%. The 
arithmetic average fiber length is represented by the value obtained by integrating the total length of fibers present in a 

45 certain amount of pulp suspension as measured by a fiber length distribution measuring machine manufactured by 
KAYAANI (Finland), and dividing the total length by the number of fibers. The water retention value is based on "Water 
Retention Testing Method for Pulp" by Japan Tappi (Technical Association of the Pulp and Paper Industry), No. 26. 
[0020] As the method for producing the micro fibrillated cellulose to be used in the present invention, a method of 
utilizing mechanical shear force, may, for example, be employed, such as a method of using a beating machine such as 

so a beater, a conical refiner, a single disk refiner or a double disk refiner, a method of letting the fiber material pass 
through an orifice with a small diameter under a high pressure, a method of applying impulse to the fiber material by 
rotating an impeller by a driving shaft equipped with pebble as described in JP-A-63-256787, or a method of using a 
fine pulverizer such as a sand mill as described in JP-A-4- 194097. 

[0021 ] The material for the micro fibrillated cellulose may be a chemical pulp such as softwood bleached kraft pulp 
55 (NBKP), hardwood bleached kraft pulp (LBKP) or softwood sulfite pulp (NBSP). a mechanical pulp such as ground 
wood pulp (GP) or thermomechanical pulp (TMP), a non-wooden pulp such as a bast fiber pulp including paper mul- 
berry, unsized silk paper and mitsumata (Edgeworthia papyrifera), cotton pulp or hemp, or a regenerated cellulose fiber. 
Further, a synthetic fiber such as alamide fiber may be used, as the case requires. 
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or a urethane resin may, for example, be used alone, or as a mixture or copolymer of two or more of them. As the case 
requires, a coating assistant such as a defoaming agent, a f lowability control agent, a crosslinking agent, a water proof- 
ing agent or a preservative may be used. 

[0033] The alumina or the alumina hydrate may be coated on both sides or one side of the substrate. For coating, 

s a known coating apparatus such as air knife coater, gravure coater, blade coater, roll coater, gate roll coater or bar 
coater may optionally be used, and usually an amount of from 0.5 to 50 g/m 2 is coated per one side. 
[0034] The above-mentioned recording sheet preferably has a porous layer containing silica particles formed 
between the substrate and the porous layer containing alumina or an alumina hydrate (hereinafter referred to as alu- 
mina-containing porous layer), since the surface of the porous layer containing silica particles which is in contact with 

10 said alumina-containing porous layer, tends to be smoothened, whereby color shading will be minimized, and image 
quality of a recording will improve, and besides, glossiness of the recording sheet will improve. It is more preferred to 
use borax together with silica particles, in view of prevention of cracks. As such silica particles, silica gel particles, sil- 
ica/alumina gel particles, diatomaceous earth particles, fumed silica particles or white carbon particles may, for exam- 
ple, be used. The average particle size of the silica particles is more preferably from 0.2 to 10 fim, since the surface 

is which is in contact with the above-mentioned alumina-containing porous layer tends to readily be smoothened. The 
porous layer containing silica particles preferably has such a constitution that the silica particles are bonded by a binder 
such as a polyvinyl alcohol. The amount of the binder is preferably such that the binder solid content to the silica parti- 
cles is from 0.05 to 0.6. The porous layer containing silica particles has a silica particle content of preferably within a 
range of from 1 to 30 g/m 2 . If the silica particle content is less than 1 g/m 2 , the surface which is in contact with said alu- 

20 mina-containing porous layer may not adequately be smoothened, and if the silica particle content exceeds 30 g/m 2 , 
mechanical strength of the recording sheet will decrease. 

[0035] As the method for forming the porous layer containing silica particles, coating may be mentioned, preferably 
by the above-mentioned coating method. 

[0036] To the surface of the recording sheet thus produced, a surface treatment may further be applied. The surface 
25 treating agent to be used is a substance which improves characteristics of a paper sheet when coated on the surface 
of the paper sheet, and it includes a water proofing agent and a gloss forming agent. At least one of synthetic resin 
emulsion, wax emulsion, polyolefin emulsion and vanish may optionally be used. Further, the obtained substrate may 
be subjected to a smoothing treatment such as a supercalender treatment. By applying a smoothing treatment thereto, 
density, smoothness and glossiness of the recording sheet will further improve, and such performances can be newly 
30 imparted. 

[0037] Now, the present invention will be explained in further detail with reference to Examples (Examples 1 to 10 
and Examples 15 to 18) and Comparative Examples (Examples 1 1 to 14 and Examples 19 to 22). However, it should 
be understood that the present invention is by no means restricted to such specific Examples. 
[0038] The physical properties were measured as follows. 

35 

Orientation ratio of the fibers: It was measured by means of ultrasonic wave by using SST-250 manufactured by 
Nomura Shoji Co., Ltd. Specifically, the time required for transmission of longitudinal ultrasonic wave pulse in a cer- 
tain distance on a sheet-like sample, was measured, and the orientation ratio of the fibers of the substrate was 
obtained from transmission rates of ultrasonic wave in MD direction and CD direction, where MD direction was a 

40 direction in which the paper sheet flowed during sheeting, and the CD direction is a direction perpendicular thereto, 
i.e. a width direction of the paper sheet. In this case, the orientation ratio of the fibers is represented by the ratio of 
the transmission rate of ultrasonic wave in MD direction, to the transmission rate of ultrasonic wave in CD direction. 
Color density: Solid printing with magenta and cyan was carried out by using an ink jet printer PM-700C manufac- 
tured by Seiko Epson Co., Ltd., and the color density was measured by a reflection densitometer SPM100 manu- 

45 factured by GRETAG. 

Ink absorption rate: By means of PM-700 manufactured by Seiko Epson Co., Ltd., patterns were printed with blue 
(cyan and magenta) having concentrations varied every 10% from 0 to 100%, whereupon visual observation was 
carried out and the ink absorption rate was represented by % of the highest concentration of the ink which was 
completely absorbed just after printing. 

so Cockling: It was measured by a method wherein a solid pattern of 5 cm x 5 cm was printed by using PM-700 man- 
ufactured by Seiko Epson Co., Ltd. with blue (cyan and magenta), and visually evaluated into four grades of excel- 
lent, good, fair and failure, or by a method wherein solid printings of 100% and 200% were carried out by using 
printers BJC-420J manufactured by Cannon Inc. (super photo mode) and PM-750C manufactured by Seiko Epson 
Co., Ltd. (glossy paper mode), and evaluation into five grades (the greater the number, the better the characteris- 

55 tics) was carried out. 

Glossiness: Glossinesses of 60° and 85° were measured by a gloss meter 300A manufactured by Nippon Den- 
shoku Kogyo. 
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[0039] To a pulp slurry containing 80 wt% of NBKP adjusted to have a freeness of 400 m£ C.S.F., 20 wt% of a silica 
gel (Tokusil GU-N" manufactured by Tokuyama Corp., specific surface area: 150-220 m 2 /g) as a filler and aluminum 
sulfate as a primer were added. A substrate having a basis weight of 157 g/m 2 was sheeted in accordance with a con- 
ventional method by using a Fourdrinier paper machine. The substrate had a silica gel content of 16 wt% A mixture 
comprising 10 parts by weight of an alumina sol ("Cataroid AS-3* manufactured by Shokubai Kasei) having a solid con- 
tent concentration of 7 wt% and containing boehmite as sol particles, and 1 part by weight of a polyvinyl alcohol 
("PVA1 1 7" manufactured by Kuraray Co., Ltd.), was coated on one side of the substrate with an amount of 8 g/m 2 by a 
bar coater, to obtain a recording sheet. In the present specification, the amount of each component in a coating mixture 
is expressed on solid matter basis. 



EXAMPLE 2 



[0040] To a pulp slurry containing 70 wt% of NBKP adjusted to have a freeness of 400 mt C.S.F, 10 wt% of a micro 
fibrillated cellulose adjusted to have a number average fiber length of 0.15 mm by mechanical means (by a homoge- 
nizer), was added. Stirring was carried out for 10 minutes after the addition, and then 20 wt% of a silica gel (Tokusil 
GU-N" manufactured by Tokuyama Corp.) as a filler, and aluminum sulfate as a primer, were added thereto. A substrate 
having a basis weight of 1 57 g/m 2 was sheeted in accordance with a conventional method by using a Fourdrinier paper 
20 machine. The substrate had a silica gel content of 18 wt%. A mixture comprising 10 parts by weight of an alumina sol 
("Cataroid AS-3" manufactured by Shokubai Kasei) having a solid content concentration of 7 wt%, and 1 part by weight 
of a polyvinyl alcohol ("PVA1 17" manufactured by Kuraray Co., Ltd.), was coated on one side of the substrate with an 
amount of 8 g/m 2 , by a bar coater, to obtain a recording sheet. 

25 EXAMPLE 3 

[0041] A substrate was sheeted in the same manner as in Example 1 except that a porous silica ("MB-4B" manu- 
factured by Fuji Silysia Chemical Ltd.) having a specific surface area of 500 m 2 /g was used instead of the silica gel as 
the filter for the substrate in Example 1. The substrate had a porous silica content of 18 wt%. A mixture comprising 10 
parts by weight of an alumina sol fCataroid AS-3" manufactured by Shokubai Kasei) having a solid content concentra- 
tion of 7 wt% and 1 part by weight of a polyvinyl alcohol ("PVA1 1 7" manufactured by Kuraray Co., Ltd.) was coated on 
one side of the substrate with an amount of 8 g/m 2 by a bar coater, to obtain a recording sheet. 

EXAMPLE 4 

[0042] To a pulp slurry containing 25 wt% of NBKP adjusted to have a freeness of 400 m* C.S.F. , 20 wt% of a micro 
fibrillated cellulose adjusted to have a number average fiber length of 0.15 mm by mechanical means (by a homoge- 
nizer) was added. Stirring was carried out for 10 minutes after the addition, and then 55 wt% of a silica gel ("Tokusil GU- 
N" manufactured by Tokuyama Corp.) as a filler, and aluminum sulfate as a primer, were added thereto. A substrate hav- 
ing a basis weight of 157 g/m 2 was sheeted in accordance with a conventional method by using a cylinder paper 
machine. The substrate had a silica gel content of 48 wt%. A mixture comprising 10 parts by weight of an alumina sol 
("Cataroid AS-3" manufactured by Shokubai Kasei) having a solid content concentration of 7 wt%, and 1 part by weight 
of a polyvinyl alcohol ("PVA1 17" manufactured by Kuraray Co., Ltd.), was coated on one side of the substrate with an 
amount of 8 g/m 2 by a bar coater, to obtain a recording sheet. 

EXAMPLE 5 

[0043] To a pulp slurry containing 60 wt% of NBKP adjusted to have a freeness of 400 mi C.S.F. , 1 0 wt% of a micro 
fibrillated cellulose adjusted to have a number average fiber length of 0.15 mm by mechanical means (by a homoge- 
nizer), and 10 wt% of a crystalline cellulose ("Abicell" manufactured by Merck Japan Limited), were added Stirring was 
earned out for 10 minutes after the addition, and then 20 wt% of a silica gel ("Tokusil GU-N" manufactured by Tokuyama 
Corp.) as a filler, and aluminum sulfate as a primer, were added thereto. A substrate having a basis weight of 157 g/m 2 
was sheeted in accordance with a conventional method by using a Fourdrinier paper machine. The substrate had a sil- 
ica gel content of 1 7 wt%. A mixture comprising 10 parts by weight of an alumina sol ("Cataroid AS-3" manufactured by 
Shokubai Kasei) having a solid content concentration of 7%, and 1 part by weight of a polyvinyl alcohol ("PVA1 1 7" man- 
ufactured by Kuraray Co., Ltd.), was coated on one side of the substrate with an amount of 8 g/m 2 by a bar coater to 
obtain a recording sheet. 
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EXAMPLE 6 

[0044] To a pulp slurry containing 60 wt% of NBKP and 20 wt% of polyethylene pulp, adjusted to have a freeness 
of 400 C.S.R, 20 wt% of a silica gel ("Tokusil GU-N" manufactured by Tokuyama Corp.) as a filler, and aluminum 
5 sulfate as a primer, were added. A substrate having a basis weight of 1 57 g/m 2 was sheeted in accordance with a con- 
ventional method by using a Fourdrinier paper machine. The substrate had a silica gel content of 16 wt%. A mixture 
comprising 10 parts by weight of an alumina sol ("Cataroid AS-3" manufactured by Shokubai Kasei) having a solid con- 
tent concentration of 7 wt%, and 1 part by weight of a polyvinyl alcohol ("PVA1 17" manufactured by Kuraray Co., Ltd.), 
was coated on one side of the substrate with an amount of 8 g/m 2 by a bar coater, to obtain a recording sheet. 

10 

EXAMPLE 7 

[0045] Size pressing was applied to the substrate of Example 1 , by using a borax (NA 2 B 4 0 7 • 1 0H 2 O) solution with 
an amount of 1 .2 g/m 2 calculated as H 3 B0 3 . Then, size pressing was further carried out by using, as a paper surface- 
15 treating agent, a liquid having oxidized starch and polyacrylamide mixed with a weight ratio of 1 to 3, with an amount of 
1 .2 g/m 2 , to obtain a substrate. A mixture comprising 10 parts by weight of an alumina sol ("Cataroid AS-3" manufac- 
tured by Shokubai Kasei) having a solid content concentration of 7 wt%, and 1 part by weight of a polyvinyl alcohol 
("PVA1 17" manufactured by Kuraray Co., Ltd.), was coated on one side of the substrate with an amount of 30 g/m 2 by 
a bar coater, to obtain a recording sheet. 

20 

EXAMPLE 8 

[0046] The substrate of Example 1 was subjected to a supercalender treatment, and a mixture comprising 10 parts 
by weight of an alumina sol ("Cataroid AS-3" manufactured by Shokubai Kasei) having a solid content concentration of 
25 7 wt%, and 1 part by weight of a polyvinyl alcohol ("PVA1 17" manufactured by Kuraray Co., Ltd.), was coated on one 
side of the substrate with an amount of 30 g/m 2 by a bar coater, to obtain a recording sheet. 

EXAMPLE 9 

30 [0047] The recording sheet obtained in Example 1 was subjected to a supercalender treatment, to obtain a record- 
ing sheet. The recording sheet has an improved glossiness as compared with Example 1 . 

EXAMPLE 10 

35 [0048] On one side of the substrate of Example 7, a mixture comprising 1 0 parts by weight of a silica gel ("FINESIL 
X-37* manufactured by Tokuyama Co., Ltd.) having a solid content concentration of 8 wt% and 4 parts by weight of a 
polyvinyl alcohol ("PVA1 17" manufactured by Kuraray Co.. Ltd.), was coated with an amount of 4 g/m 2 by a bar coater. 
And a mixture comprising 10 parts by weight of an alumina sol ("Cataroid AS-3" manufactured by Shokubai Kasei) hav- 
ing a solid content concentration of 7 wt%, containing boehmite as sol particles, and 1 part by weight of a polyvinyl alco- 

40 hoi ("PVA117" manufactured by Kuraray Co., Ltd.), was coated on the porous layer containing silica gel with an amount 
of 7 g/m 2 by a bar coater, to obtain a recording sheet. 

EXAMPLE 1 1 

45 [0049] To a pulp slurry containing 95 wt% of NBKP adjusted to have a freeness of 400 m£ C.S.F., 5 wt% of a silica 
gel (Tokusil GU-N" manufactured by Tokuyama Corp.) as a filler was added, and aluminum sulfate as a primer was 
added. A substrate having a basis weight of 157 g/m 2 was sheeted in accordance with a conventional method by using 
a Fourdrinier paper machine. The substrate had a silica gel content of 4 wt%. A mixture comprising 10 parts by weight 
of an alumina sol ("Cataroid AS-3" manufactured by Shokubai Kasei) having a solid content concentration of 7 wt%, and 

so 1 part by weight of a polyvinyl alcohol ("PVA1 1 T manufactured by Kuraray Co. ( Ltd.), was coated on one side of the 
substrate with an amount of 8 g/m 2 by a bar coater, to obtain a recording sheet. 

EXAMPLE 12 

55 [0050] To a pulp slurry containing 85 wt% of NBKP adjusted to have a freeness of 400 vc\£ C.S.R, 1 0 wt% of a micro 
ftbrillated cellulose adjusted to have a number average fiber length of 0.15 mm by mechanical means (by a homoge- 
nizer) was added. Stirring was carried out for 10 minutes after the addition, and then 5 wt% of a silica gel ("Tokusil GU- 
N" manufactured by Tokuyama Corp.) as a filler was added thereto, and aluminum sulfate as a primer was added 
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thereto. A substrate having a basis weight of 157 g/m 2 was sheeted in accordance with a conventional method by using 
a cylinder paper machine. The substrate had a silica gel content of 4 wt%. A mixture comprising 10 parts by weight of 
an alumina sol ("Cataroid AS-3" manufactured by Shokubai Kasei) having a solid content concentration of 7 wt%, and 
1 part by weight of a polyvinyl alcohol ("PVA1 17" manufactured by Kuraray Co., Ltd.), was coated on one side of the 
5 substrate with an amount of 8 g/m 2 by a bar coater, to obtain a recording sheet. 

EXAMPLE 13 

[0051] On one side of the substrate of Example 1 , a mixture comprising 10 parts by weight of an alumina sol ("Cat- 
to aroid AS-3" manufactured by Shokubai Kasei) having a solid content concentration of 7 wt%, and 1 part by weight of a 
polyvinyl alcohol ("PVA1 1 7" manufactured by Kuraray Co., Ltd.), was double-coated by a bar coater to obtain a record- 
ing sheet having a coating amount of 30 g/m 2 . 

EXAMPLE 14 

75 

[0052] A substrate was sheeted in the same manner as in Example 1 except that kaolin ("UW-90" manufactured by 
Engelhard Asia Pacific Inc.) was used instead of the silica gel as the filler for the substrate in Example 1 . The substrate 
had a kaolin content of 17 wt%. A mixture comprising 10 parts by weight of an alumina sol ("Cataroid AS-3" manufac- 
tured by Shokubai Kasei) having a solid content concentration of 7 wt%, containing boehmite as sol particles, and 1 part 
20 by weight of a polyvinyl alcohol ("PVA1 1 7" manufactured by Kuraray Co., Ltd.), was coated on one side of the substrate 
with an amount of 8 g/m 2 by a bar coater, to obtain a recording sheet. 
[0053] Measurement results in Examples 1 to 1 4 are shown in Table 1 . 



Table 1 



30 



40 





Color density 


Ink absorptivity 


Cockling 


Glossiness 


Cracks 




Black 


Cyan 


Magenta 






60° 


85° 




Ex. 1 


2.24 


2.31 


1.78 


100 


Good 


5 


13 


Nil 


Ex. 2 


2.25 


2.34 


1.77 


100 


Good 


5 


14 


Nil 


Ex. 3 


2.22 


2.32 


1.76 


100 


Good 


6 


14 


Nil 


Ex. 4 


2.30 


2.36 


1.80 


100 


Excellent 


10 


25 


Nil 


Ex. 5 


2.26 


2.32 


1.76 


100 


Excellent 


6 


15 


Nil 


Ex.6 


2.22 


2.29 


1.74 


100 


Excellent 


5 


14 


Nil 


Ex. 7 


2.38 


2.40 


1.86 


100 


Good 


20 


40 


Nil 


Ex. 8 


2.36 


2.43 


1.86 


100 


Good 


6 


15 


Nil 


Ex. 9 


2.42 


2.44 


1.88 


100 


Good 


8 


20 


Nil 


Ex. 10 


2.30 


2.34 


1.*0 


100 


Excellent 


14 


35 


Nil 


Ex. 11 


2.00 


2.09 


1.63 


50 


Failure 


3 


8 


Nil 


Ex. 12 


2.05 


2.11 


1.67 


60 


Failure 


3 


8 


Nil 


Ex. 13 


2.39 


2.40 


1.79 


100 


Failure 


15 


35 


Present 


Ex. 14 


2.00 


2.08 


1.55 


60 


Failure 


4 


7 


Nil 



50 

EXAMPLE 15 

[0054] A recording sheet was obtained in the same manner as in Example 1 except that a synthetic alumina hydrate 
having a solid content concentration of 15 wt% was used instead of the alumina sol having a solid content concentration 
55 of 7 wt%. and the dry coating amount was changed from 8 g/m 2 to 22 g/m 2 . The orientation ratio of the fibers of the 
substrate was 1 .58. 
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EXAMPLE 16 

[0055] A recording sheet was obtained in the same manner as in Example 2 except that a synthetic alumina hydrate 
having a solid content concentration of 15 wt% was used instead of the alumina sol having a solid content concentration 
s of 7 wt% t and the dry coating amount was changed from 8 g/m 2 to 28 g/m 2 . The orientation ratio of the fibers of the 
substrate was 1 .65. 

EXAMPLE 17 

10 [0056] A substrate was sheeted in the same manner as in Example 15 except that a porous silica ("MB-4B" manu- 
factured by Fuji Silysia Chemical Ltd.) having a specific surface area of 500 m 2 /g was used instead of the silica gel as 
the filler for the substrate in Example 15. The substrate had a porous silica content of 18 wt%, and the orientation ratio 
of the fibers was 1.1. Then, a recording sheet was obtained in the same manner as in Example 15 by coating the mixed 
liquid on the substrate by a bar coater with a dry coating amount of 5 m 2 /g. 

15 

EXAMPLE 18 

[0057] A recording sheet was obtained in the same manner as in Example 4 except that a synthetic alumina hydrate 
having a solid content concentration of 1 5 wt% was used instead of the alumina sol having a solid content concentration 
20 of 7 wt%, and the dry coating amount was changed from 8 g/m 2 to 35 g/m 2 . The orientation ratio of the fibers of the 
substrate was 1 .78. 

EXAMPLE 19 

25 [0058] A recording sheet was obtained in the same manner as in Example 15 except that the dry coating amount 
was changed to 15 g/m 2 . 

EXAMPLE 20 

30 [0059] A recording sheet was obtained in the same manner as in Example 16 except that the dry coating amount 
was changed to 20 g/m 2 . 

EXAMPLE 21 

35 [0060] A recording sheet was obtained in the same manner as in Example 18 except that the dry coating amount 
was changed to 15 g/m 2 . 

EXAMPLE 22 

40 [0061] A substrate having a basis weight of 157 g/m 2 was sheeted in the same manner as in Example 15 except 
that a cylinder paper machine was used instead of the Fourdrinier paper machine. The substrate had a silica gel content 
of 1 6 wt%, and the orientation ratio of the fibers was 2.12. The same mixed liquid as in Example 1 5, containing the syn- 
thetic alumina hydrate and the polyvinyl alcohol, was coated on the substrate by a bar coater with a dry coating amount 
of 40 g/m 2 , to obtain a recording sheet. The results in Examples 15 to 22 are shown in Table 2. 

45 



Table 2 





Coating amount (g/m 2 ) 


Orientation ratio of the 
fibers 


Cockling 




MIN value 


Measured value 






Ex.15 


21 


22 


1.58 


5 


Ex.16 


24 


28 


1.65 


5 


Ex.17 


5 


5 


1.1 


5 


Ex.18 


28 


35 


1.78 


5 


Ex.19 


21 


15 


1.58 


4 
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Table 2 (continued) 





Coating amount (g/m 2 ) 


Orientation ratio of the 
fibers 


Cockling 




MIN value 


Measured value 






Ex.20 


24 


20 


1.65 


3 


Ex.21 


28 


15 


1.78 


2 


Ex.22 


39 


40 


2.12 


4 



[0062] From Examples and Comparative Examples, the following were found. 

(1) As shown in Example 1 1 , if the filler content in the substrate is less than 10 wt%, no effect of preventing cock- 
15 lings can be obtained. 

(2) As shown in Examples 1 to 10, when the filler content of the substrate is at least 10 wt%, an effect of preventing 
cocWings can be obtained. 

(3) As evident from the comparison between Examples 2 and 4, a greater effect of preventing cocWings can be 
obtained with an increase in the filler content in the substrate. 

20 (4) As evident from Example 5, a greater effect of preventing cocWings can be obtained when a crystalline cellulose 
is used for the substrate. 

(5) As evident from Example 6, a greater effect of preventing cocWings can be obtained when a synthetic fiber is 
used for the substrate. 

(6) As evident from the comparison between Examples 7 and 13 by observing the surfaces, when the coating 
25 amount on the surface layer is large, size pressing by borax on the substrate is effective to prevent cracks on the 

surface layer. 

(7) As shown in Example 14, when kaolin is used for the substrate, no effect of preventing cocWings will be obtain- 
able. 

(8) As shown in Examples 1 5 to 1 8, all recording sheets having an orientation ratio of the fibers of the substrate of 
30 within a range of from 1 .0 to 2.0, and having a coating amount of the porous layer on the substrate of at least the 

MIN coating amount as obtained from the above-mentioned formula (1), are rated as cocWing evaluation 5, and 
have improved characteristics. 

(9) As evident from Example 10. when a porous layer containing silica particles is formed between the substrate 
and the porous layer containing an alumina hydrate, glossiness will improve. 

35 

[0063] The recording sheet of the present invention has a high ink absorption rate with a small amount of ink-receiv- 
ing layer, has an adequate color density, is free from cocWing, and presents a clear image. Accordingly, a recording 
sheet particularly suitable for recording by an ink jet printer, can be provided. 

40 Claims 

1. A recording sheet which comprises a substrate and a porous layer containing alumina or an alumina hydrate 
formed on the substrate, wherein the substrate is made of fibers for paper and a filler, and the content of the filler 
in the substrate is from 10 to 60 wt% to the total weight of the substrate. 

45 

2. The recording sheet according to Claim 1 , wherein the substrate contains a micro fibrillated cellulose in an amount 
of from 1 to 50 wt% to the total weight of the fibers for paper and the micro fibrillated cellulose. 

3. The recording sheet according to Claim 1 or 2, wherein the substrate further contains a crystalline cellulose in an 
so amount of from 1 to 50 wt% to the total weight of the f toers for paper, the micro fibrillated cellulose and the crystal- 
line cellulose. 

4. The recording sheet according to Claim 1 , 2 or 3, wherein the orientation ratio of the fibers for paper is from 1 .0 to 
2.0, and the coating amount of the porous layer on the substrate is at least the MIN coating amount as obtained 

55 from the following formula (1 ): 

MIN coating amount (g/m 2 )=33.3x{(orientation ratio of the fibers)-1}+2 (1) 
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5. The recording sheet according to any one of Claims 1 to 4, wherein the filler is silica. 

6. The recording sheet according to any one of Claims 1 to 5, wherein the substrate is one subjected to a surface 
treatment by at least one member selected from boric acid, a borate and a surface treating agent. 

5 

7. The recording sheet according to any one of Claims 1 to 6, wherein the substrate is one subjected to a smoothing 
treatment. 

8. The recording sheet according to any one of Claims 1 to 7, wherein a porous layer containing silica particles is 
w formed between the substrate and the porous layer containing alumina or an alumina hydrate. 

9. The recording sheet according to any one of Claims 1 to 8, wherein the porous layer containing alumina or an alu- 
mina hydrate is one subjected to a surface treatment by a surface treating agent. 

is 10. The recording sheet according to any one of Claims 1 to 9, which is subjected to a smoothing treatment. 

1 1 . A process for producing a recording sheet comprising a substrate and a porous layer containing alumina or an alu- 
mina hydrate formed on the substrate, which comprises sheeting an aqueous slurry containing fibers for paper and 
a filler to form a substrate made of the fibers for paper and the filler, wherein the content of the filler in the substrate 

20 is brought to a level of from 1 0 to 60 wt% to the total weight of the substrate. 

12. The process for producing a recording sheet according to Claim 1 1 , wherein the orientation ratio of the fibers for 
paper is from 1.0 to 2.0, and the coating amount of the porous layer on the substrate is at least the MIN coating 
amount as obtained from the above formula (1). 

25 
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